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Interference of two sources.

April 28, 2008 


  MJM

Suppose we have two sources of ultrasonic waves. The wavelength of these source is 8.00 mm and the sources are in phase at s1 and s2.
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If we are at point p1, equidistant from the sources, there is constructive interference, and a large signal in the detector we have there. The waves have the same frequency f, and angular frequency ( = 2(f. They travel at the same speed and have the same wavelength ( and propagation constant k = 2(/(.

The disturbances at p1 are


y1 = A cos ((t - k r1)              and    y2 = A cos ((t - k r2)

The phase ( of each wave is the argument of the cosine,   (1 = (t - kr1,     and (2 = (t - kr2 .

The phase difference is called ( in the text


phase difference = ( = (2 - (1  


phase difference = ((t -kr2 )   -  ((t - kr1) =   k( r1  - r2) 


phase difference = k (path difference) = 2(/(  (path diference)   (on p. 1216) [1]
This is very important:  Waves of the same frequency and wavelength which start out in phase can get out of phase because they travel different distances to reach the point where they meet.

Question: if the path difference between ultrasonic rays at point p2 was 4.00 mm, would the detector there have a large signal or a small signal? [ Will the rays be constructively interfering or destructively interfering?]  [( = 8.00 mm and (r = 4.00 mm, so (r = (/2. The signal would be zero due to destructive interference.]
The book on p. 1209 discusses constructive and destructive interference between rays from s1 and s2.

When light rays interfere, they often travel many many wavelengths to get where they are going, and the angles involved are often very small, like 1/20 of a degree. For these cases we have an extremely useful formula for path difference, which the text illustrates nicely on the bottom of p. 1211:


path difference  = d sin (








[2]
where d is the separation of the sources and ( is the angle that rays make to the perpendicular bisector of the line joining the sources.

Now suppose we put two slits separated by a distance d in a beam of coherent light (discussed on p. 1208), and the light from the slits falls on a screen 300 cm away from the slits. The wavelength of the light is 650 nm, or (  =6.5x 10-7 m. We will see a pattern of bright and dark on the screen like in the text on p. 1213 Fig 35-7 

At point some A where ( = 0 there is a bright spot because the path difference is zero and the two arriving beams of light are in phase. At point B, 0.50 cm from point A, it is dark because the path difference causes the beams to be out of phase, and at point C, which is 1.00 cm from point A, it is bright again, since the beams are back in phase.

a) What is the path difference of the arriving beams at point A? (the center, where it’s bright)
zero
b) What is the path difference of the arriving beams at point B? (next to A, where it’s dark)
(/2
c) What is the path difference of the arriving beams arriving at point C? (next to B, it’s again bright)
(
d) Calculate the angle ( in a radians at point C (remember that ( = 0 at point A)


{ This is just trig, knowing A and C are 1.00 cm apart, and 300 cm from the slits }
tan ( = 0.010 m / 3.00 m = 1/300 ( (.
e) Knowing the path difference from c) and the angle from d)  calculate the distance d between the two slits.   {Using Eq [2] }
d sin ( = ( = 6.5 x 10-7 m     and sin (  ( ( = 1/300
d = 300 x 6.5 x 10-7 m   = 1.95 x 10-4 m

f) What is the path difference halfway between A and B ?

(r = (/4,   since for small angles when you cut the distance in half, the angle cuts in half and the path difference cuts in half.  [ At C it was (, and at A it was zero.]

